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Fatigue Deformation of Steel-Polypropylene Hybrid Fiber Reinforced
Concrete under Constant-Amplitude Cyclic Compression

CUI Kai, XU Lihua", CHI Yin
(School of Civil Engineering, Wuhan University, Wuhan 430072, China)

Abstract: Steel-polypropylene hybrid fiber reinforced concrete(HFRC) were tested for uniaxial constant-amplitude
cyclic compression to investigate their fatigue deformation behaviors, with an emphasis on the effects of the stress
level on fatigue failure mode, fatigue stress-strain curve, fatigue cumulative energy dissipation and ultimate fatigue
deformation of HFRC. The results show that the fatigue failure mode of HFRC presents a shear failure and has ductile
characteristics. In addition, cumulative energy dissipation and ultimate fatigue failure of the HFRC specimen increase
with a decrease in stress level. Finally, a stress level- ultimate fatigue deformation equation is proposed to quantitively
describe the ultimate deformation of concrete under an arbitrary fatigue loading.
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Table 1 Mix proportion of concrete
kg/m’

Cement Sand Gravel Water Water reducer

486. 00 746.00  1038.00 175.00 3.89
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Table 2 Main physical parameters of steel fiber and
polypropylene fiber

T Diameter/ Aspect Density/ Tensile
ype mm ratio  (grem ™) strength/MPa
SF 0. 500 60 7.80 Around 500

PPF 0.048 167 0.91 400—-450
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4, 184 g 92 55 i g il A . e FUI A i, [ 4L Vi 4 6
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Table 3 Ultimate fatigue deformations of HFRC under various stress levels

S No. A/mm P S No. A/mm P
1 0.586 6 0.857 1 1 0.8511 0.857 1
2 0.619 3 0.714 3 2 0.877 1 0.7143
3 0.629 5 0.5714 3 0.897 6 0.5714
1.0 0.8
4 0.634 2 0.428 6 4 0.902 2 0.428 6
5 0.639 4 0.2857 5 0.926 2 0.2857
6 0.658 2 0.1429 6 0.9752 0.1429
1 0.740 3 0.857 1 1 1.033 4 0.857 1
2 0.768 9 0.714 3 2 1.0779 0.714 3
3 0.788 1 0.5714 3 1.1123 0.5714
0.9 0.7
4 0.808 6 0.428 6 4 1.169 8 0.428 6
5 0.822 1 0.2857 5 1.1834 0.2857
6 0.8317 0.1429 6 1.2323 0.1429
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Fig.1 Schematic diagram of hybrid fiber bridging effect
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Fig. 3 SEM images of fibers in the broken sections of HFRC
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Fig.4 Typical fatigue stress-strain curves of HFRC
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Fig. 6 Fatigue deformation evolution curves of HFRC with ratios of load cycles
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under various stress levels
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Table 4 Weibull distribution parameters of ultimate fatigue
deformation of HFRC

Parameter S=1.0 S=0.9 S=0.8 S=0.7
a 23.106 20. 807 18. 855 13.971
b/mm 0.640 4 0.8107 0.926 8 1.1715
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Fig. 11 Relationship between ultimate fatigue
deformation and stress level
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